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ABSTRACT

Geodetic and GEOCEIVER surveys were performed by Defense
Mapping Agency personnel at Yuma Proving Grounds Arizona to
support positioning requirements for Global Positioning System
tests and evaluation. Geodetic field surveys began in November
1974 and ended in February 1975, GEOCEIVER surveys were con-
ducted in March and April of 1975. Upon completion of these
surveys, computations were made to determine Adjusted NAD 27
and WGS 72 geodetic coordinates for selected survey sites.

Yuma Tocal rectangular as well as Universal Transverse Mercator
grid coordinates are also provided.
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GEODETIC SURVEY COORDINATES TO SUPPORT
GLOBAL POSITIONING SYSTEM TESTS AT
YUMA PROVING GROUNDS ARIZONA
INTRODUCTION
Precise geodetic positions for selected survey sites at U.S,
Army Proving Grounds, Yuma, Arizona (YPG) are required to support
Global Positioning Systems (GPS) tests and evaluation. Due to
stringent positioning requirements, precise geodetic surveys as
well as GEOCEIVER derived positions are required in order to
provide not only accurate relative geodetic positions but also
GEOCEIVER derived conversion parameters to obtain precise World
Geodetic System 1972 (WGS 72) coordinates for the proposed test sites.
The geodetic surveys were performed by personnel of the Defense
Mapping Agency Topographic Center (DMATC) and the GEOCEIVER surveys
by the Defense Mapping Agency Aerospace Center/Geodetic Survey
Squadron (DMAAC/GSS). Pertinent information regarding both the
geodetic and the GEOCEIVER surveys are included in this report as
Appendices A and B, respectively. Appendix C describes the Yuma
Photogrammetric Data Base from which additional positional data
can be derived.

DISCUSSION

1. Geodetic Surveys

Geodetic surveys were required to supplement existing survey
data in the YPG area. This survey included additional astronomic
position and azimuth determinations, Geodimeter observations,
measurements of horizontal directions and differential leveling. An

adjustment of all of the available survey data was made holding



fixed the geodetic latitude (¢) and longitude (1) of two stations,
PGT 2 AMS 60 and PGT 3 AMS 60, to the National Geodetic Survey (NGS)
Precise Geodimeter Traverse (PGT) North American Datum 1927 (NAD 27)
coordinates. Since the original NAD 27 coordinates for these two
stations are not identical to those derived through the PGT, the

NAD 27 coordin:ztes determined through the PGT will be referred to

as Adjusted NAD 27 coordinates. A comparison of common horizontal
control station coordinates indicates that a change of approximately
0709 and -0"26 can be expected in geodetic latitude and longitude,
respectively, in the sense old (NAD 27) minus new (Adjusted NAD 27).
The Adjusteu NAD 27 coordinates for 65 sites in the YPG area are
tabulated in Table 1. Table 2 provides a legend for identifying

the Yuma Test Station sites as portrayed in Figure 1.

The Circular Standard Error (CSE) for the horizontal positions of
the Adjusted NAD 27 coordinates listed in Table 1 are based on the
results of the adjustment of the survey data. Vertical position
errors are not listed because they were not available for all sites.
Table 3, Appendix A, lists the standard error of the geoidal
separation as derived from the adjustment statistics for 17 of the
YPG sites relative to the geoid height at PGT 2 AMS 60 which was
held fixed. These geoidal separation errors represent the total
vertical position error since leveling errors are considered to be
negligible (less than 2 mm maximum standard error).

2. GEOCEIVER Surveys

In order tu establish precise datum shifts for the conversion of

the Yuma Test Station sites from Adjusted NAD 27 to WGS 72 four
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survey sites were occupied and positioned using standard GEOCEIVER .
techniques. GEOCEIVER stations 10009, 10213, 10611, and 10012 were L
located at survey stations identified as SITE 9 DISC YPG, SITE 7

DISC YPG, 10011 DMATC 74, and 10012 DMATC 74, respectively. The ' J
days of observation, number of passes and the WGS 72 positions {
derived from the GEOCEIVER data are shown in Table 3. Mean rec-

tangular coordinate shifts shown in Table 4, along with appropriate _ J
ellipsoid parameters differences, were applied to the Adjusted J

NAD 27 coordinates of Table 1 to obtain WGS 72 coordinates for the
Yuma Test Station sites. The resulting WGS 72 coordinates are

listed in Table 5. The CSE is not repeated in Table 5 because the
conversion to WGS 72 coordinates does not affect the relative
horizontal position accuracy of the stations. The standard deviations
in Table 4 represent the standard error of the conversion shifts

used to convert from Adjusted NAD 27 to WGS 72 coordinates.

3. Universal Transverse Mercator Grid Coordinates

Universal Transverse Mercator (UTM) grid coordinates were
computed from the Adjusted NAD 27 coordinates listed in Table 1.
These coordinates are listed in Table 6.

4. Yuma Local Rectangular Coordinates

The Yuma local rectangular coordinate system is defined to have
its origin at the Yuma Test Station site identified by the name IRCC
DMATC 74. The X and Y axes of this coordinate system are in the local
horizontal plane with the X axis positive east and the Y axis positive

north. The Z axis is coincident with the geodetic normal to the WGS

10
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72 ellipsoid at the origin point,
illustrated in Figure 2.

This coordinate system is

The conversion from WGS 72 geodetic

coordinates to Yuma local rectangular coordinates can be accom-

plished using the following equation:

1r
-sin Ap

€oS g 0

Y1 = 0 sin ¢ cos ¢g|| -cos Arq -sin Ay 0 Yi = Yo
_21J : 0 -cos ¢, sin °°q - 0 0 1 | z; - 29
or conversely by the equation:
.Xi, [ -sin Ao -c0s g O 1 0 0 Xi. -xo
Yil = cos Ag -sinxry; O |]O sin ¢ -cos ¢p Yi|*|Yo
‘zij L 0 0 1 J -0 cos ¢y sin ¢q , _Zij hzo
where:
Xi. Yi’ Zi Yuma local rectangular coordinates for station i.
Xis Yi» 24 rectangular coordinates for station i in an earth-
centered rectangular coordinate system (WGS 72).
X0» Yo» 20 rectangular coordinates for the origin station
(IRCC DMATC 74) in an earth-centered rectangular
coordinate system (WGS 72).
$0s Ag WGS 72 geodetic latitude and longitude, respectively,

of the origin station (IRCC DMATC 74).

To obtain earth-centered rectangular coordinates (x, y, z) from

geodetic coordinates - latitude (4), longitude (1), and geodetic

height (H) the following equations may be used:
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Rectangular Coordinate System.
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x = (N +H) cos ¢ cos A
y = (N +H)cos ¢ sin

z = [N (1 -e2)+H] sin ¢

where:
N = a (1 -e?sin? ¢)L2
a = semimajor axis of the reference ellipsoid
e = eccentricity of the reference ellipsoid

The Yuma local rectangular coordinates for the Yuma Test Station
sites are listed in Table 7.

5. Yuma Photogrammetric Data Base

A Photogrammetric Data Rase is available for deriving positional
data in the YPG area. Tlechnically, this data base provides a means
by which any YPG point that can be photogrammetrically identified
can also be positioned with respect to WGS 72 provided accuracy
requirements are within those achievable, i.e., a CSE of about 1.5
meters and a vertical standard error of about 2 meters., In addition,
anyone requesting that a point be positioned must provide an aerial
photograph identifying the exact point to be positioned. The
identification photograph should have sufficient detail to facilitate
identification on the data base photography of the point to be
positioned.

SUMMARY

The geodetic survey performed at YPG and the subsequent ad-

justment yielded very precise geodetic coordinates for the Yuma

Test Station sites. These Adjusted NAD 27 coordinates provide

20



J
. Table 7
COORDINATES FOR YUMA TEST STATION SITES
' REFERENCED. T0 A LOCAL RECTANGULAR COORDINATE SYSTEM
Station
' Name X (meters) Y (meters) Z (meters)
PGT 2 AMS 60 8359.421 -9991.528 102.884
l PGT 3 AMS 60 12946.927 | 24633.714 340.242
HILLTOP USCGS 49 9050. 042 96" . 666 179.530
l MPS 25 DMATC 74 1331.037 | -12899.291 7.726
BENCHMARK USCGS 34 1822.091 | -22884.017 | -101.566
SITE 1 DMATC 74 -2157.071 | -16604.928 12.601
I SITE 2 DMATC 74 -2621.390 | -8284.335 -2.333
SITE 3 DMATC 74 5257.104 | -9146.124 81.937
I SITE 6 DISC YPG 4011.627 | -6492.607 47.848
SITE 7 DISC YPG 2321.618 693.415 35.792
I SITE 8 DISC YPG 3774.117 6782.419 75.583
; | SITE 9 DISC YPG 4263.833 | 12120.042 129.260
E I SITE 10 DISC YPG -986.538 1248.890 -4.608
¥ SITE 11 DISC YPG -2779.663 217.800 -28.360
i‘ SITE 12 DISC YPG -5974.628 1242.733 -44.203
| I IR 21 DMATC 74 -3213.757 964.178 -31.121
r IR 22 DMATC 74 -13963.435 2671.119 163.560
- I IR 22R TC 75 -13626.815 3071.476 124.052
IR 23 DMATC 74 3761.944 | 11404.194 118.931
I IR 24 DMATC 74 3657.855 | -5911.871 48.535
*IRCC DMATC 74 0.000 0.000 0.000
- CM 8 YPG 12530.308 | 14173.100 105.433
¢ CM 1 YPG 69.240 8376.635 55.174
SITE 5 1969 YPG 8354.826 | -10036.163 96.949
10012 DMATC 74 8495.509 | -9924.287 105.600 i

*THIS STATION 1S THE COORDINATE SYSTEM ORIGIN

21




COORDINATES FOR YUMA TEST STATION SITES

Table 7 (Cont'd)

REFERENCED TO A LOCAL RECTANGULAR COORDINATE SYSTEM

Station
Name X (meters) Y (meters) 7 (meters)
10010 DMATC 74 2402.124 699.134 40.216
CAMERA SITE 4 951.000 -12852.974 9.435
LASER SITE 7 2414.246 698.090 44 121
CT SITE 2 -2623.338 -8283.689 -0.631
CT SITE 5 8350.873 -10028.529 98.648
CT SITE 6 4013.653 -6490.698 49,521
CT SITE 8 3779.180 6772.194 77.395
CT SITE 9 4260.590 12127.438 130.836
CT SITE 10 -981.763 1250.769 -2.996
CT SITE N -2779.380 214.073 -26.068
CT SITE 12 -5977.459 1240.979 -42.582
SITE 11 MON -2776.179 235.020 -31.750
LASER DISC SITE 12 -5884.797 1260.423 -47.782
LASER DISC SITE 9 4556.238 12141.623 132.663
LASER DISC SITE 7 2408.613 695.100 40.430
10011 DMATC 74 -5971.940 1266.483 -44.960
TOP 0701 2468.669 1097.616 35.376
TOP 0702 2383.658 10679.608 102.480
TOP 0703 68.203 8384.032 56.983
TOP 0704 -2885.019 13689.054 83.661
TOP 0705 -5289.115 8906.028 37.427
TOP 0706 77.591 1728.886 7.823
TOP 0707 -3818.451 3146.640 -19.581
TOP 0708 -1901.870 1881.777 -13.818
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COORDINATES FOR YUMA TEST STATION SITES

Table 7 (Cont'd)

REFERENCED TO A LOCAL RECTANGULAR COORDINATE SYSTEM

~Station
Name X (meters) Y {meters) Z (meters)
TOP 0709 -2815.483 -8186.435 -4.869
TOP 0710 -2153.978 -16608. 507 14,341
TOP 0711 2342.735 -21.902 43.537
PEF 0712 3770.321 1038.620 147.562
PEF T3 2097.116 1957.989 40.100
PEF SOCL -409.228 -59.881 -1.979
PEF NOCL -999.644 7167.909 35.318
TOP 1201 -6808.777 493.273 -44.330
TOP 1202 -6797:764 1311.786 -31.924
TOP 1203 -6623.485 1800.179 -32.190
TOP 1204 -6244.936 2126.738 -26.403
TOP 1205 -5986. 348 2519.987 -27.327
TOP 1206 -5578.394 2619.102 -24.033
TOP 1207 -5112.307 2083.473 -35.657
TOP 1208 -4565.076 1506.828 -37.862
TOP 1209 -4874.110 931.742 -43.573
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relative horizontal and vertical positions with accuracies that are
representative of the state-of-the-art in geodetic positioning.
This relative posi;ioning accuracy is maintained under trans-
formations to other coordinate systems such as WGS 72 or the Yuma
local rectangular coordinate system. The additional GEOCEIVER
survey provided a means by which the local survey can be accurately
related to WGS 72. The accepted accuracy for GEOCEIVER derived
surveys [1] is 1.5 m in each coordinate at 90% confidence which

is equivalent to a standard error of 0.8 m. This accuracy is not
significantly different from the accuracy implied by the standard
deviations from the mean of the limited sample of Table 4, These
accuracy figures indicate that the WGS 72 coordinates for any and/or
all of the Yuma Test Station sites have a standard error of
approximately 1 m in each coordinate. The standard error of WGS 72
positions in the NAD 27 area with respect to the earth's center

of mass is estimated to be 5 m in each component [2].
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REPORT ON THE 1975
PRECISE GEODETIC SURVEY
YUMA PROVING GROUNDS
ARIZONA

PURPOSE AND SCOPE

Defense Mapping Agency Topographic Center (DMATC) was directed by
HQ DMA in November 1974 to perform the necessary geodetic survey at
Yuma Proving Grounds (YPG) to support the upcoming Global Positioning
System (GPS) inverted range tests. DMATC, in November 1974, coordinated
project details with YPG personnel and performed reconnaissance on a
tentative survey network which was accepted when a simulated adjustment
indicated that the stringent accuracies required would be met. Figure 1
shows the horizontal and vertical networks but does not show the laser
and cinetheodolite calibration lines. The scheme for laser and cinetheo-
dolite calibration lines had not been finalized when these results were
obtained. Those lines will be discussed in a supplemental report.

DMATC field parties began the field work on 21 November 1974 and
terminated field operations on 18 February 1975. The following work
was accomplished:

ASTRONOMIC POSITIONS 16 modified first order stations

DISTANCES - 58 precise lengths

DIRECTIONS - 122 first order directions

ASTRONOMIC AZIMUTHS - 21 lines

SITES OCCUPIED - 2 Transcontinental Traverse Stations

25 Primary Network Stations
2 Secondary Stations (CM-1, CM-8)

DIFFERENTIAL LEVELS

SECOND ORDER 149 kilometers (see Table 4)

SPECIFICATIONS

Project specifications require relative errors, (1 sigma), of
lppm + 2cem for the horizontal positioning. The vertical accuracy (el-
lipsoid elevations) requirement for the primary points is also
lppm* + 2cm, (1 sigma). The azimuth and elevation angles of the laser
and cinetheodolite calibration lines are to be within 3 arc seconds.

DESCRIPTION OF FIELD WORK

Astronomic Positions

Modified first order observations (one nights work) were made at

*The ratio of the relative vertical error to the distance between any two
points in the net.
A-|



16 network stations. All equipment was calibrated prior to, and at
intervals during the project to minimize any systematic errurs., Two
other astros (PGT 2 and PGT 3) previously observed by National Geodetic
Survey (NGS) on the Transcontinental Traverse (TT) were accepted as
given,

Precise longitudes were determined by observing the meridian
transits of fundamental catalog (FK 4) stars using a Wild T-4 Universal
Theodolite. Timing was from the digital printout of the Datametrics
Electronic Timing System, which was set to coordinated Universal time (UTc).
The largest standard deviation for any single longitude determination is
0.'18 and the average of all the standard deviations is 0.14. (see Table 1)

Precise latitudes were determined by observing the zenith distances
of fundamental catalog (FK 4) stars at the time of their meridian transits
using a Wild T-4 Universal Theodolite. The largest standard deviation
for any single latitude determination is 0.23 and the average of all stand-
ard deviations is 0.13, (see Table 1)

Horizontal Directions and Astronomic Azimuths

The horizontal survey was accomplished using the NGS specifications
(as amended in this paragraph) for the super-precise TT. Because the
network contains a large amount of redundancy (number of degrees of
freedom) the specifications for directions and azimuths could be relaxed
from two nights of observations to one night and still meet the accuracy
requirement cited under specifications.

Astronomic azimuths were observed concurrently with the observations
for horizontal directions at 21 of the 25 primary stations. Wwild T-3
theodolites were used for the observations after tests had been performed
which indicated that imperfections in the linearity of the vertical
axis (trunnion irregularities) were not excessive. At least one set of
16 positions was made to all traverse stations and on Polaris. Additional
observations were made in cases where acceptable closures appeared to be
marginal., The largest standard deviation for any single azimuth determina-
tion is 0.'62 and the average of all standard deviations is 0.'40, (see Table 1)

Elevations

The spirit leveling (differential levelling), was accomplished to
standard second order specifications, The allowable circuit misclosure is
8.4mm timei\/fl K is the length of the circuit in kilometers, Elevations
were carried from bench marks to primary stations with the same accuracy.
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Geodimeter Measurements

All distances greater than 2 kilometers were measured with laseér
geodimeters (model 4 and 8)., Each line between stations consists of at
least two sets of four measurements each. Each set contains two measure-
ments with the reflectors eccentric forward and two measurements with the
reflectors eccentric rearward. On lines where the elevations of the
end points exceed 300 meters, zenith distances were measured on each end of
the lines before and after each set of geodimeter measurements, The mean
of the before and after zenith distances was used to compute a refractive
index rate correction for each end of the line, At the time of each meas-
urement a frequency count was taken which was used to compute a correction
for the variation of frequencies. Meteorological data at each end of the
line consisted of altimeter readings, wet and dry bulb temperatures, and
the ambient temperature at the heights of 15 and 25 feet above the stations
before and after each measurement. The geodimeters were calibrated before
the project was started. The zero constant for each instrument was deter-
mined before and after the completion of the project. A summary of the
measurements and instrument comparisons are given in table 2., On lines
shorter than 2 kilometers (with one exception) the MA-100 Tellurometer was
used. At least 2 sets of measurements were taken on each line,

COMPUTATION AND ADJUSTMENT

Computation of Geoid Heights

Deflections of the Vertical =mere obtained from preliminary geodetic
positions and the astronomic positions, Geoid heights were computed at each
network station by the method of least squares., The geoid height at station
PGT 2 resulting from the NGS adjustment of the Transcontinental Traverse
was held fixed. The small variation in geoid heights (less than one meter)
precluded a need for an iteration of the geoid adjustment after the net-
work adjustment. The adjusted geoid heights resulted in an average length
correction to reduce from geoid to ellipsoid of 1 part in 284,000,

Horizontal Control Adjustment

The network was adjusted by the method of variation of roordinates.
A series of adjustments were made to obtain optimum weights for the
observations., The first adjustment was made with weights derived from
the following a priori estimates of the standard deviations:

Directions : 0.6
Azimuths : 1.0
Lengths : 6mm + lppm
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The standard deviation of an observation of unit weight (°0) for the
adjustment was 1.21., This value was within the 95% confidence interval
for chi-square (X°)but near the upper limit. A succession of adjustments
were made using directions only, then directions and distances; and
finally directions, distances, and azimuths. Weights were varied after
each adjustment to yield a Op approximating unity. A summary of each
adjustment is given in the table below:

ADJ, NO, | O(DIR) [0 (LENGTH) 10 ( 2.) | 0o | n-u_ | 95% y& INTERVAL |
1mm¢ 6mm+ 1mm+
1 0.'6 1ppm 1.0 1.21 | 108 0.75-1.28
2 0.6 0.98 41 0.62-1,.48
3 0.6 1 1.24 91 0,73-1.31
4 0.6 2 1.09 91 0.73-1.31
S 0.6 2 1.4 1.05 108 0.75-1,28
6 0,6 2 1.0 1,03 118 0.76-1,.28
n-u = degrees of Freedom

The 1lmm part of the direction and azimuth errors represent the uncertainty
in instrument and target placement. The additional degrees of freedom

shown with adjustment 6 results from the addition of several spur lines to
the final adjustment, Relevant statistics from the final adjustment are
given in tables 5 and 8., The Transcontinental Traverse positions of stations
PGT 2 and PGT 3 were held fixed in the adjustment, The positions of the
network are referenced to the North American 1927 Datum ~rigin as trans-
ported through the Transcontinental Traverse., Comparison with NAD 1927
coordinates derived from triangulation are given in table 6.

Adjustment of Elevations

The leveling network was adjusted by the method of least squares using
observation equations, The elevation of a recovered bench mark (1113 + 7208)
in the southeast part of the net was held fixed in the adjustment, The
standard error in an observation of unit weight was 1.4 millimeters. The
maximum standard error in an adjusted elevation was 1.8 millimeters. Details
and a diagram of the leveling net are given in table 4, Comparison of
newly determined elevations with published elevations at recovered stations
are given in table 7.

RESULTS

Figure 2 is a geoid profile of the surveyed area, The ''flatness' of
the geoid in the area (variation of one meter in 1000 square kilometers)
will yield a high interpolation accuracy.

Figures 3 and 4 are contours of the astro-geodetic deflection of the
vertical components,
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Pages A-18 through A-51 contain the station description cards
(DA form 1959) with Geodetic Coordinates, MSL Elevations, UTM grid
coordinates, and YPG grid coordinates.

Pages A-52 through A-54 contain Geocentric Coordinates and
Ellipsoidal Positions.

Pages A-55 through A-TO contain the astronomic position and
azimuth results cards.

Pages A-T1 thrcugh A-96 contain the level line descriptionms.

Pages A-97 through A-99 contain a tabulation of elevations from
the level line adjustment. Note that usable width of field necessi-
tated abbreviation of some station designations.

Station IR 22 R replaces IR 22 as an inverted range station.

ANALYSIS

Specifications were met or exceeded in all cases, Table 8 gives
the circular standard errors of the adjusted horizontal positions
and corresponding values from the simulation. The high correlation
between the simulation and adjustment justifies the specifications
used in the field work. The largest positional error in the ad-
Justed network is 0.02Tm at CM 8 YPG. This is less by a factor of
2.6 than the accuracy required (0.070m) at that station.

The error in Ellipsoid height is given by oy = o§+c§
Where: oy = Error in Geoid height
o, = Error in leveling

h

Since the maximum error in leveling is less than 2mm its contribu-

tion to cH is negligible and Oy oy The maximum value of ON is 0.028

meter at PGT 3. This compares with a required accuracy of 0,055
meter at that point. The following empirical formula yields the rel-
ative accuracy between any two points in the net:

0.189
g e 0.0127(S)

Where: o0 _ 1is the circular standard error in meters
S~ is the distance between points in kilometers.

The results of the survey yields a basic framework for existing
and future YPG control requirements.

ol



TABLE 1

GPS-YPG 1975 PRECISE GEODETIC SURVEY

Standard Deviations of the 1975 IMATC Astronomic Position and Azimuth
Determinations.

Station [} [-28 ca
HILLTOP USCGS 1949 o'l o'11 ov62
BENCH MARK USCGS 1934  0.10 0.12 0.26
MPS 25 DMATC 19Tk 0.15 0.12 0.35
SITE 1 DMATC 1974 0.10 0.12 0.35
SITE 2 DMATC 197k 0.13 0.11 0.51
SITE 3 DMATC 197k 0.1k 0.1k 0.32
SITE 6 DISC YPG 0.12 0.18 0.41
SITE T DISC YPG 0.13 0.18 0.62
SITE 8 DISC YPG 0.12 0.16 0.4k
SITE 9 DISC YPG 0.23 0.1k 0.43
SITE 10 DISC YPG 0.13 0.16 0.L47
SITE 11 DISC YPG 0.10 0,17 0.k9
SITE 12 DISC YPG 0.12 0.10 0.35
IR 22 DMATC 1974 0.13 0,12 0.38
IR 23 DMATC 1974 0.13 0.18 0.25
IR 24 DMATC 197k 0.13 0.13 0.27
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TABLE 3

GPS-YPG 1975 PRECISE GEODETIC SURVEY
Geoidal Separation Adjustment Statistics

Geoidal Separation Sigma
Sitation BN (metecs DN (weters)
PGT 2 -22.40 FIXED
PGT 3 -21,.86 0.028
HILLTOP -22,12 0,021
BENCH MARK -22,63 0,017
MPS 25 -22.60 0,014
SITE 1 -22,.68 0,014
SITE 2 -22,68 0,015
SITE 3 -22.48 0.019
SITE 6 -22,48 0,021
SITE 7 -22.44 0.021
SITE 3 -22,32 0.019
SITE 9 -22,22 0.018
SITE 10 -22,56 0.024
SITE 11 -22,63 0.913
SITE 12 -22,68 0,026
IR 22 -22.82 0,022
IR 23 =22,25 0,016
IR 24 -22.49 0.020

No. of Equations = 46
Max. Residual = =-0,071 meters
Avg. Residual 0,019 meters

T = 0,031 meters
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Second

No.
No.
No,
No,
No.
No.

Maximum Correction to an Elevaition
Avera e Correction to an Elevation

Op

GP.s-YPG 1975 PRECISE

of Fixed Marks

TABLE

of Monumented Bench Marks
of Temporary Beunch Marks

of Observations
of Kilometers
of Circuits

Loop Closure
Length of Loop
Allowable Error

Loop Closure
Length of Loop
Allowable Error

Loop Closure
Length of Loop
Allowable Error

4,75mm
55,81km
62, 75mm

-24,21mm
70.68km
70,62mm

7.45mm
19,55km
37.14mm
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GEODETIC SURVEY

Order Differentinl Levels Adjustment Statistics

2
100
17
156
118,92
3 (Closures given below)
22, 5mm
11. 4mm
1. tmm

<

COUNTY WELL 2

X

111347208



TABLE S
GPS-YPG 1975 PRECISE GEODETIC SURVEY

Statistics on Computations

Number of Fixed Stations
Number of Adjustable Stations
Number of Observations

Directions

" "

Measured Lengths

" " Observed Azimuths

Total Number of Triangles

Maximum Triangle Closure

Average Triangle Closure

Maximum Correction to Direction
" " " Length

" " " Azimuth

Standard Error in an Observation
of Unit Weight (0p)

A-10

27
201

122

58

21

4

2,95
1,02
2.07

1.4 ppm

2706

1,03




TABLE 6

GPS-YPG 1975 PRECISE GEODETIC SURVEY

Comparison at Common Horjzontal Control Stations of Previously Established
1927 NAD Coordinates with the Values Resulting from this Survey,

Station Ap(Qld-New) ’SX(Old-New)_
HILLTOP USC&GS 1949 +0,0875 -0.'2645
BENCH MARK USC&GS 1934 +0.0957 -0.2636
CM 1 YFG +0,0911 -0,2609
CM 8 YPG +0,0894 -0.2635
SITE 11 MONUMENT +0,0934 -0.2617
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TABLE 7

GPS-YPG 1975 PRECISE GEODETIC SURVEY

Previously Published Elevations Compared with this Survey's Results
at Common Points

0ld New 0ld-New
Station (CT] (D (xil1ineters)
USE 1144+45.07 97.9789 97.9635 +15.4
USE 1160+00,0 102, 5855 102.5751 +10.4
USE 1175+00,0 103, 4:185 103, 4403 + 8,2
USE 1190400 106,9967 107.1788 -182.1
TR-28 USGS '34 267.3921 267, 4097 - 17.5
TR-27 USGS '34 281.4998 281,5099 - 10,1
TBM 1018 USGS '3 310.2718 310,2559 + 15,9
TR-25 USGS '34 298,8795 298, 8710 + 8,5
TR-40 USGS '34 257.1380 257.1210 + 17,0
20-M USGS '25 173.7683 173.7757 - 7.4
24-M USGS '25 129. 4015 129, 3807 + 20.8
23-M USGS '25 125,5843 125, 6137 - 29,4
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TABLE 8
GPS-YPG 1975 PRECISE GEODETIC SURVEY
Comparison of Simulated and Final Adjusted Circular Standard Errors
Simulated Final
Station Arc Path (Km, )* CSE** ! CSE PM
PGT 2 AMS 60 17.46
PGT 3 AMS 60 TIXED 17.46
HILLTOP USC&GS 49 32,94 . 020 0.6 .025 0.8
- MPS 25 DMATC 74 25,39 010 0.4
BENCH MARK C&GS 34 31.91 .018 0.6 .022 Q.7
SITE 1 DMATC 74 29,88 .013 0.4 .015 0.5
o SITE 2 DMATC 74 28,57 .010 0.4 012 0.4
SITE 3 DMATC 74 20,67 .006 0.3 .007 0.3
) SITE 6 DISC YPG 23,63 .009 0.4 .010 0.4
L] SITE 7 DISC YPG 36,21 .015 0.4 017 0,5
SITE 8 DISC YPG 42,45 .019 0.4 022 0,5
SITE 9 DISC YPG 47,79 .022 0.5 .025 0,5
i SITE 10 DISC YPG 32.83 .015 0.5 017 0.5
) SITE 11 DISC YPG 34,89 .015 0.4 .017 0.5
SITE 12 DISC YPG 35,68 .016 0.5 .018 0.5
IR 21 DMATC 74 38.45 017 0.4
IR 22 DMATC 74 43,79 .024 0.5
IR 22R TC 75 43,55 .024 0.6
IR 23 DMATC 74 48,66 .024 0.5
' IR 24 DMATC 74 24,31 .011 0.5
. IRCC DMATC 74 34,42 017 0.5
CM 8 YPG 50, 48 .024 0.5 .027 0.5
] CM 1 YFG 46,52 .024 0.5 .025 0.5
{ SITE 5 1969 YPG 17.50 .,001 0.1
10012 DMATC 74 17.61 .001 0.1
{ 10010 DMATC 74 36,21 .017 0.5
. CAMERA SITE 4 25,77 .010 0.4 011 0.4
SITE 11 MON 34,89 .017 0.5
10011 DMATC 74 35,68 .018 0.5

* arc path distance from the center of gravity of the fixed stations
**meters
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FIGURE 1

GPS-YPG 1975 PRECISE GEODETIC SURVEY
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FIGURE 3

GPS-YPG i975 PRECISE GEODETIC SURVEY
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FIGURE 4

GPS-YPG 1975 PRECISE GEODETIC SURVEY
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CARD 1 OF 2

FESURTYRY TVPE OF MARK
UNITED STATES DISC _ PGT NO. 2 AMS 1960
LOCALITY STAMPING ON WARKDPGT NO. 2|AGENCY (CAST IN MARKS) ECEVATION pery
YUMA COUNTY, ARIZONA |ARMY MAP SERVICE 1960 | CORPS OF ENGINEERS 265,197 L)
LATITUDE LONGITUDE DATUM DATUM
N 32° 55' 37V9442 W 114° 18' 238977 1927 NAD* 1929 MSL
(NONTHING NEASIING) 8y | (EAST INGHNORTHING) W5 |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 646 245.384 ™ |751 852.783 ) | UTM 11 DMATC
(NORTHING | (EASTHNG] W37 | (EASTING) (NORATHING) 84| GRID AND ZONE DATE OROER
38 002.874 w132 677,700 (M) | YPG#**
voosvain  UTM (ZONE 11) GRID AZIMUTH, ADD 178° 32  06.6870 THE GEODETIC AZIMUTH
YO OBTAIN GRID AZ. (ADD)(SUS.) d o " YO THE GEODETIC AZIMUTH
on-omsenmon| FROM SOUTH
osJECT Az'(::L:!TIC)M BACK AZIMUTH m‘ﬁ:‘."‘sf"""‘f"" m::é::'"“l':_i‘“'
HILLTOP USC&GS 1949] 182° 03’ 46758 02 04’ 01744 19649.465
PGT NO. 2 RM 1 05 17 36. 19.815
SITE 5 1969 YPG 05 56 11.57 | 185 56 11.48 44.896
10012 243 45 24,27 63 45 27.12 151,787
PGT NO. 2 RM 2 249 47 05. 9.918

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 0.5 mile
east of U.S. Highway 95 and about 6.8 miles northeast of post headquarters. Permis-~
sion to visit the station must be obtained through Headquarters, Yuma Proving Ground.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 3.1 miles

to the junction with a road to the right leading into the Kofa Range Area; turn

right and go east for 0.8 mile to a guard post, continue for 0.15 mile to a crossroad;
turn left and go northerly for 4.5 miles to a gravel road left at a curve in the road
just northeast of a low saddle; turn left onto the gravel road and go northerly,
upgrade for 0.3 mile to a saddle and a crossroad; turn left and go southwest up a
steep grade for 0.1 mile to a parking area, an astro dome, and the end of truck
travel; from here walk north, up a path to the highest point of the hill and the
station.

Station Mark: A Corps of Engineers, U.S. Army disc
stamped: "PGT NO. 2 ARMY MAP SERVICE 1960" cemented
in a drill hole in a boulder. A concrete pad,

3 feet x 3 feet, has been placed around the disc.

Reference Mark No. 1: A Corps of Engineers, U.S.
Army disc stamped: 'PGT NO. 2 RM 1 ARMY MAP SERVICE
1960" cemented in a drill hole in a boulder. It is
located at a horizontal distance of 19.815 meters
(65.01 ft.) south-southeast of the station and

3.4 meters lower in elevation.

SKETCH
—
DA FORM 1 959 REPLACES DA FORMS 1088 DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION

v ocT s e b s 7, Wiich For use of this ferm, see TM 5-237; the propenent

A-]8 ¥ y lo U.S.Conti tol Army C
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I] Card 2 of 2
STATION
UNITED STATES DISC PGT NO. 2 AMS 1960
ﬁ LOCALITY STANPING ON MARK AGENCY (CAST IN MARKS) v ToN T
YUMA COUNTY, ARIZONA (M)
LATITUDE LONGITUDE DATUM OATUM
i) INORTHING)EASTING) (FT) | (EASTING)(NORTHING) (FT) |GRID AND ZONE ESTABLISHED BY {AGENCY)
(™) ™)
- (NORTHING)EASTING) (F7) | (EASTING)NORTHING) (FT)|GRID AND ZONE DATE ORDER
(M) ()
b TO OBTAIN GRID AZIMUTH, ADD i i " 7O TME GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)SUS.) ¢ " " YO TME GEODETIC AZIMUTH
il AZIMUTH OR DIRECTION
GEOD. DISTANCE GRID DISTANCE
OBJECT (GEODETICHGRID) BACK AZIMUTH
(ME TERS) (FEET) | tMETERS)  (FEET)
= MAGNETIC) : : '
wl
L Reference Mark No. 2: A Corps of Engineers, U.S. Army disc stamped: "PGT NO. 2

RM 2 ARMY MAP SERVICE 1960" cemented in a drill hole in a rock outcrop. It is
. located at a horizontal distance of 9.918 meters (32.54 feet) northeast of the
station and 2.4 meters lower in elevation.

.
e b

e
L 4
.

. N
" ow
aw ’Kgc"
REPLACES DA FOHMS 1930  DE
. DA 1050 AL G S ety oL corrtoL avon

ogency Is U.S.Continentel Army Command.

A-19



CARD 1 OF 2

SYATION
UNITED STATES DISC PGT NO. 3 AMS 1960
LOCALITY STAMPING ON WARKDPGT NO. 3|AGENCY (CAST IN MARKS) ECLVATION —
YUMA COUNTY, ARIZONA | ARMY MAP SERVICE 1960 CORPS OF ENGINEERS I 549.600 ")
LATITUDE LONGITUDE DATUM DATUM
N 33° 14' 21%6720 W 114° 15' 25%5817 1927 NAD* 29
(NORTHING) iE-ASEING 5y | (EASTING IHORTHING] +&3) |ORIO AND ZONE ESTABLISHED BY (AGENCY)
3 680 985.105 ) | 755 580.544 o | UT™M 11 DMATC
INORT HING) ASTING s | (EASTINGHNORTING “&33]GRID AND ZONE DATE ORDER
72 595.596 w37 477.558 o0 | YPG* 7 VA
roostan  UTM (ZONE 11) GRID AZIMUTH, AD0 178" 29 44, 5270 THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)SUS.) i " " YO THE GEODETIC AZIMUTH
TH ohomecHon]  FROM SOUTH

osJECY u'(::oznncbm SACK AZIMUTH (.‘:‘1,22":’"";2:“ m::é::‘s"u:?:n
SITE 2 25° 23 15760 | 205° 17’ 47749 36411.496
PGT NO. 2 07 37 21.98 | 187 35 44,64 34925,400
HILLTOP 14 39 02.77 ]| 194 37 40.13 15483.815
PGT NO. 3 RM 1 23 10 22. 5.291
PGT NO. 3 RM 2 280 19 16. 8.388

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona Wes:t Zone -576 816.5768/3.28C" 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

PGT NO. 3, AMS 1960 is a station on a precise geodimeter traverse and was established
by an Army Map Service field survey party.

The station mark is a U.S. Army Corps of Engineers disk cemented in a drilled hole in
a large rock about 3 feet in diameter and projecting about 1 foot above the ground.
It is stamped "PGT NO. 3 ARMY MAP SERVICE 1960".

Station mark is located on a hill near a radar installation which is also on that hill
The station mark is 154 feet west of the southwest corner of a fence; 20 feet south
of the centerline of a road; 30 miles south of Quartz site and 29 miles north of the

Yuma Test Center.

To reach from the intersection of U.S. Routes 60 and 70 and State Route 95 at Quartz
site, go south on State Route 95 for 29.3 miles

to intersection with a road to the west (this

road 1s between mile posts 74 and 75);

turn right and go west up a winding road for 0.6

mile to a radar installation at top of the hill

and site of the station. The station mark can

also be reached from the intersection of State

Route 95 and the main entrance road toward the

Yuma Test Station by going north-northeast on
Route 95 for 30.8 miles to intersection with
road as mentioned in above description.

Reference Mark No. 1: A U.S. Army Corps of

Engineers disk cemented in a drilled hole in a
rock 5.291 meters south of the station mark and
about 2 feet lower in elevation. It is stamped
"PGT NO. 3 RM NO. 1 ARMY MAP SERVICE 1960".

PGT Ne.d
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CARD 2 OF 2
FCSURTRY YPEL OF UARR SYAYION
UNITED STATES DISC PGT NO. 3 AMS 1960
B Xt —
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) [ECEVATION ="
YUMA COUNTY, ARIZONA (M)
LATITUDE LONGITUDE DATUM DATUM
(NORTHING)EASTING) (FT) | (EASTINGI(NORTHING) (FT) |GRID AND ZONE ESTABLISHED BY (AGENCY)
™ (™)
INORTHING)EASTING) (rT) | (EASTINGHINORTHING) (#T1|GRID AND ZONE DATE OROER
(™ (™)
TO OBTAIN GRID AZIMUTH, ADD o . " YO THE GEOOETIC AZINUTH
TO OBTAIN GRID AZ. (ADD)(SUS.) 2 " TO TKE GEODETIC AZIMUTH
AZIMUTH OR DIRECTION
GEOD. DISTANCE GRID DISTANCE
"
oBJECT (OEODILMNORIDi BACK AZIMUTH (GELERE et | wergns - EreeT)
° ’ [ 4 ° ] )

Reference Mark No. 2: A U.S. Army Corps of Engineers disk cemented in a drilled hole
in a rock 8.388 meters east of the station mark and about 3 feet lower in elevation.
It is stamped "PGT NO. 3 RM NO. 2 ARMY MAP SERVICE 1960".

Azimuth Mark: A U.S. Army Corps of Engineers disk cemented in a drilled hole in an
outcropping rock about 0.1 mile west-northwest of the station mark. It is stamped
"RADAR 1957". To reach from the station mark go west-northwest for about 0.1 mile
to the highest point of a rounded hill and site of station. Reported not found
(Radar, 1957) in Sep. 1965 by AMS.

SXETCH
FORM o LecasAronus 1930  DESCRIPTION OR RECOVERY OF
DA 1ocT u‘ 959 Ane 'O.l.loéct';t(., SUPEES Fer use of this ferm, no?TMﬂso-znil?f?b':ul;ofo?\:‘TROL STATION

A'Z] agency is U.S.Continentel Army Commend,



FCCURTRY YVOE OF MARK TYATION
UNITED STATES DISC HILLTOP, USC&GS 1949 9724
TOCALITY STALPING ON MARK AGENCY (CAST IN MARKS) n 0 —
YUMA COUNTY, ARIZONA |HILLTOP 1949 USC&GS 341.971 ™)
TATITUDE LONGITUDE DATUM DATUM
N 33° 06' 153769 W 114° 17' 566185 1927 NAD* 1929 MSL
INORTRING) (BASTING) | (EASTING INGRTHHNGS 53 |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 665 901.312 ) 1752 056.785 o |UTM 11 DMATC
INORTHING ) (EASIING x| (EASTING)oRING] &%3|GRID AND TONE DATE ORDER
57 634.921 ) 133 488.937 () | YPGR* 1974 SECOND
vooeran UTM (ZONE 11) GRID AZIMUTH, ADD 178° 31  26.6370 THE GEODETIC A2IMUTH
TO OBTAIN GRID AZ. (ADD}SUD.) s v ™" 7O THE GEODETIC AZIMUTH
AZIMUTH FROM SOUTH GEOD. DISTANCE GRID DIST
ossECT (G!OD(‘I’.I::)M n::x sz'uum YRR ! i muum' “"‘,c!i”
PGT NO. 3 194° 37" 40713 14 39" €2.77 15483,815
PGT NO, 2 02 04 0©l.44 182 03 46.58 19649, 465
HILLTOP RM 2 135 03 26, 11.645
HILLTOP RM 1 239 38 5], 7.910

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 98S.7058/3.2808 33333

The sta.ion is located at the U.S. Army Yuma Proving Ground. It is about 0.5 mile
west of U.S. Highway 95 and 19.0 miles north-northeast of post headquarters.

To re:ch the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 20.4 miles
to a road left; turn left and go west and north for 0.15 mile to a crossroad; turn
left and go west for 0.2 mile to a track road left; turn left and go upgrade to the
top of a small hill and the station site. The station is located at the west end of
a cleareu area.

Station Mark: A USC&GS disc stamped: 'HILLTOP 1949" cemented in a drill hole in a
large flat boulder.

Reference Mark No. 1: A USC&GS disc stamped: "HILLTOP NO. 1 1949" cemented in a
drill hole in a boulder. It is located 7.910 meters
(25.95 feet) north-northeast of the station.

Reference Mark No. 2: A USC&GS disc stamped:
"HILLTOP NO. 2 1949" cemented in a drill hole in
a boulder. It is located 11.645 meters (38.21
feet) north-northwest of the station.

-~
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FSUET[V SYATION
UNITED STATES DISC BENCH MARK USC&GS 19%&121&__
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS] L 10N s
COUNTY, ARIZONA | BENCH MARK 1934 —_USC&GS 89,040 ™
LATITUDE LONGITUDE DATUM ODATUN
N 32° 48' 39V5334 W 114° 22' 3576009 1927 NAD* 192+ MSL
(NORTHING ) {EASS4G E3s | (EASTING) (NORTHNG %4 |GRIO AND ZONE ESTABLISHED BY (AGENCY)
3 633 190.666 i | 745 633.507 o | UTM 11 DMATC
(NORTHING ) HEASIIG) 3 | [EASTING HORATHNG) £34|GRID AND ZONE OATE ORDER
25 150,895 o | 26 061.970 M) | YPGH* 1974 SECOND
tooestan  UTM (ZONE 11) GRID AZIMUTH, ADD 178° 34 39,8170 THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)(SUB.) e £ " 7O THE GEODETIC AZIMUTH
TH OR-DIRECTION
osJeCT et e l:f}(‘):.}‘i Asi?m (HGE!T%:.S:MSY‘O:‘;:-H m:;'é:g"";‘é‘: 3
PGT NO. 2 206° 53 51779 26° 56’ 08140 14455.218
BENCH MARK RM 2 05 55 03. 30.430
BENCH MARK RM 1 127 37 12. 20.411
SITE 1 147 38 56.96 | 327 37 33.99 7433.874

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2805 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 0.5 mile
east of U.S. Highway 95 and about 2.5 miles southeast of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go east for 0.3 mile to the intersection
with the power line road; turn right and go south for 0.7 mile to the station site.
The station is located about 10 meters east of the power line.

Station Mark: A USC&GS disc stamped: 'BENCH MARK 1934" set in the top of a concrete
monument projecting 0.5 foot above the surface.

Reference Mark No. 1: A USC&GS disc stamped: ''BENCH MARK NO. 1 1934" set in the
top of a concrete monument projecting 0.3 foot

above the surface. It is located about 21 meters

west-northwest of the station.

Reference Mark No. 2: A USC&GS disc stamped:
"BENCH MARK NO. 2 1934" set in the top of a
concrete monument projecting 0.3 foot above the
surface. It is located about 31 meters south
of the station.

N
) SKETCM
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ﬂﬂﬂﬂ?ﬂ?“' A [STATION
UNITED STATES DISC | MPS 25, DMATC 1974
LOCALITY STAMPING ON MARKMPG 55 AGENCY (CAST IN MARKS) LEVATION preey
YUMA COUNTY, ARIZONA 1974 TOPO. CENTER DMA 170.056 (M)
LATITUDE LONGITUDE DATUM DATUM
N 32° 54' 03V6645 W 114° 22" 54%4232 1927 NAD* 1929 MSL
(NORTHING H{EASIINGS % | [EASTINGINORENG) =34 |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 643 163.743 (M) 744 896.105 | UM 11 DMATC
INORTHING | {EAGTING) 7 | (EASTING) (NORTHING =34 |GRID AND ZONE DATE OROER
35 138.292 o | 25 632.063 M) | YPGH* 1974 SECOND
voosraivn  UTM (ZONE 11) GRID AZIMUTH, ADD 178° 34  37.58v0 THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADDHSUS.) i i " 7O THE GEODETIC AZIMUTH
AZIMUTH
oBJECT (GEODE TIC) GRS} o y S m‘:ﬁ.‘::‘s:"s"".c.‘“ m::é:s?s"«:iin
PGT NO. 2 247° 31 52748 | 67° 34 19748 7605,928
MPS 25 RM 1 14 32 52, 36.246
| MPS 25 RM 2 57 19 35, 30.021
CAMERA SITE 4 96 57 16,98 | 276 57 09,04 382.810 .
SITE 3 226 17 49,70 46 19 11.84 5431.332

R

*Ellipsoidal positicns as carried into area through the Transcontinental Traverse,
*:Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 3.0 miles
west of U.S. Highway 95 and about 4.0 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 2.7 miles

to the junction with Martinez Lake Road to the left; turn left and go west for 2.4

miles to a road fork, north, for 2.1 miles to the turnoff to Cibola Range Control;

tum right continuing northerly for 0.7 mile to a gravel road right (Cibola Range

Control is on the west side of the road); turn right and go east for 0.8 mile to a

road fork; take the right fork and go east for 0.9 mile to the end of the road

and the station site at the north side of a cleared area.

Station Mark: A Defense Mapping Agency disc stamped: "MPS 25 1974 TOPO CENTER" set
in the top of a round concrete post, 12 inches
in diameter and projecting 0.4 foot above ground.

Reference Mark No. 1: A Defense Mapping Agency
disc stamped: '"MPS 25 RM NO 1 1974 TOPO CENTER",
set in a concrete block, 2 feet square and flush
with the ground. It is located 36.246 meters
(118.92 feet) south of the station.

Reference Mark No. 2: A YPG Geodetic Control disc

stamped: "MPS 25 1971" set in a concrete post,

5 inches square and flush with the ground. 1It is r
located 30.021 meters (98.49 feet) southwest of

the station. N

J SKETCH
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[CSURTRY FVFE OF MARK
SITE 1.
LOCALITY Is)}u\sucrmo ON MARK AGENCY (CAST IN MARKS) FECEVATION grsing
| YUMA COUNTY, ARIZONA [SITE 1 1974 TOPO CENTER | DMA ' 183.798 (M)
LATITUDE LONGITUDE DATUM DATUM
N 32° 52' 0393716 W 114° 25' 0876052 1927 NAD* 1929 MSL
(NORTHING) H-ASTNE) 3y | (EASTINGIHNORTIING) %% |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 639 372.011 M 174]1 499.489 M | UTM 11 DMATC
INORTHING) (GASIINGS 5y | (EASTINGHNORSHINGH £3;|ONID AND ZONE DATE OROER
4 w22 121,485 M | YPG*% 1974 SECOND
T008TAIN  UTM (ZONE 11) oriID AZIMUTH, ADD 178 35  55.127T0 THE GECDETIC AZ'MUTH
TO OBTAIN GRID AZ. (ADD)(SUB.) ¢ " " TO THE GEODETIC AZIMUTH
OR-EIRECTION FR
omecr | icesoeciamen | osnanrn | et ke, | werinn e
PGT NO., 2 237° 49 22298 57° 53 02779 12422.792
L SITE 2 176 47 37.96 | 356 47 28.22 8333.306
MPS 25 223 15 21.04 43 16 33.89 5088.926
BENCH MARK 327 37 33.99 | 147 38 56.96 7433.874

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
*%Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 3.5 miles
west of U.S. Highway 95 and about 2 miles northwest of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground, go west on Laguna Road for 1.45 miles

to a side road right (Crotillo Road); turn right and go north for 1.15 miles to

a fork; take the left fork, north and west, for 1.15 miles to a "Y" intersection;
turn left and go 0.3 mile to a gravel road right; turm right and go northerly for

1.2 miles upgrade to a switchback to the left; turn left and continue up a steep
grade for 0.1 mile to the top of the hill, an old camera astro dome site and the
station. The station is located in the north corner of a concrete pad which projects
1.4 feet above ground.

Station Mark: A Defense Mapping Agency disc
stamped: "SITE 1 1974 TOPOCENTER", and
cemented in a drill hole.

Lm"

M REPLACES CA FORMS 1950 DESCRIPTION OR RECOVERY F HORIZONTA
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' A-25 ~ sseney 1s US.Continentel Army Command




P

- ML s 3 4 R . -5
L s LI o PSR i i

FEOAYRY YVPE OF UARK
UNITED STATES DISC SITE 2, DMATC 1974
[COEALITY STAMPING ON MARK GITE 2 |AGENCY (CAST IN MARKS) L OM -
YUMA COUNTY, ARIZONA | 1974 TOPO CENTER DMA 152,732 (]
LATITUDE LONGITUDE DATUM DATUM
N 32° 56' 3314625 W 114° 25' 26V5470 1927 NAD* 1929 MSL
(NORTHINGHIGAMANG?  (£3y | (EASTINGHNORIMING) 53| GRIO AND ZONE ESTABLISHED BY (AGENCY)
3 647 681.006 w | 740 829.665 ) {UTM 11 DMATC
(NORTHING) (EASTING) &33 | (EASTING)NORTHINST +6%| GRID AND ZONE DATE ORDER
39 777.186 w | 21 708.218 W) | YPGX#* 1974 SECOND
Toostam UIM (ZONE 11) GRID AZIMUTH, ABD 178 35 54,6870 THE GEODETIC AZIMUTH
YO OBTAIN GRID AZ. (ADDI(SUS.) ° . " TO THE GEODETIC AZIMUTH
AZIMUTH On-BInee+o  FROM SOUTH e — p
osJECT wsoocn'cmm nocx.uu'uuru 00 Ll Ll
PGT NO. 3 205°_ 17" 47.49 25 23" 15.60 36411.496
SITE 12 DISC 160 35 39,72 | 340 34 29,32 10099,766
SITE 7 DISC 208 49 17.72 28 51 01.35 10248, 367
IR 24 249 17 12.29 69 19 23.79 6712,325
| PGT NO. 2 278 49 17.46 1 98 53 07,25 11112,339

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West: Zone -221 988.7058/3.2808 33333

The station is located at. the U.S. Army Yuma Proving Ground. It is about 6.5 miles
west of U.S. Highway 95 and about 7 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 2.7 miles
to the junction with Martinez Lake Road to the left; turn left and go west for 2.4
miles to a road fork; take the right fork north, and go for 4.6 miles to a gravel
road left; turn left and go for 0.5 mile to a GLO mark on the left; bear to the
right, upgrade, and go easterly for 0.2 mile to the top of the hill and the site of
an astro dome and the station. The station is located on the southeast corner of the
concrete astro dome pad.

Statfon Mark: A Defense Mapping Agency disc stamped: 'SITE 2 1974 TOPO CENTER",
cemented in a drill hole.

SITE 2 *
£

N

SKETCH
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FECURTRY TYPE OF MARR TTATION
UNITED STATES DISC SITE 3, DMATC 1974
LOCALITY STAMPING ON WARKSTTE 3 AGENCY (CAST IN MARKS) LEVATION -
YUMA COUNTY, ARIZONA 1974 TOPO CENTER DMA 239.709 (™)
CATITUDE LONGITUDE DATUM OATUM
N 32° 56' 05V4555 W 114° 20' 2392815 1927 NAD* 1929 MSL
(NORTHING) ASIING) 53 | (EASTINGIORTRING) (£%1 |GRID AND ZONE ESTABLISHED 8Y (AGENCY)
3 647 014.091 () 748 729.498 ) | UTM 11 DMATC
(NORTHING) ASSING %) | [EASTING) NORIMINGS £33 |GRID AND ZONE DATE ORDER
38 867.204 (M) 29 580.862 (M) | YPG** 1974 SECOND
toostain UTM (ZONE 11) GRID AZIMUTH, A0D 178° 33 10,6170 THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)(SUB.) ¢ " " YO THE GEODETIC AZIMUTH
ATIMUTH GA-BwnssHon]  FROM SOUTH GEOD. DISTANCE GRID DISTANCE
osJECT {GEODE TICHGABI BACK AZIMUTH VRN R mnus»' e
SITE 2 96° 16’ 21778} 276° 13 36788 7925.248
MPS 25 46 19 11.84 ¢ 226 17 49.70 5431.332
SITE 6 DISC 154 53 14.91] 334 52 48.86 2931.164
PGT NO. 2 285 16 25.73 | 105 17 30.63 3215.294

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 1.5 miles
west of U.S. ilighway 95 and about 7.5 miles northeast of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Koad) to the proving ground go north on U.S. Highway 95 for 7.4 miles
to the junction with Middle Mtn. Road to the left; turn left and go west and morth
for 1.6 miles to a road left; turn left and go southwest, upgrade, for 0.4 miles

to the top of the hill and the station site on the north side of an old astro dome
concrete pad. The station is located 28.28 feet north of the center (cuptack in
lead) of the concrete astro dome pad.

Station Mark: A Defense Mapping Agency disc stamped: "SITE 3 1974 TOPO CENTER",
set in the top of a 1 foot square concrete post set flush with the ground.

l’_K!TCM
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[CSURTRY YYPE OF UARK T ——

UNITED STATES DISC C o

FCOCALITY STAMPING ON MARK RA AGW % =

YUMA COUNTY, ARIZONA |SITE 4 1974 TOPO CENTER DMA 171.598 (™)

FCATITUDE LONGITUDE DATUM DATUM

N 32° 54' 051689 W 114° 23" 090447 1927 NAD* 1929 MSL

(NORTHING) [EWOTNG) 8y | (EASTINGHNORIHNG) (&%) |GRIO AND ZONE ESTABLISHED BY (AGENCY)

3 643 200.658 oy | 744 514.949 o | UTM 11 DMATC

(NORTHING ) {ERITNG] nw) | EASTING) (NORIHHNG) )| GRIC AND TONE OATE ORDER

35 186.918 w |25 252,363 i) | YPGR* 1974 Second

TooevAaN UTM (ZONE 11) ORID AZIMUTH, ADD 178" 34 45,4770 THE GEODETIC AZIMUTH

7O OBTAIN ____GRID AZ. {ADD)(SUB.) 5 i 7O THE GEODETIC AZIMUTH

AZIMUTH OR-BinE6*ion|  IROM SOUTH GEOD. DISTANCE GRID DIS :
osseCT (GEODETICHGRID) BACK AZIMUTH W=, Ll mnéasyi "":‘;‘;"
MPS 25 276° 57° 09704 | 96° 57° 16.98 382.810

Easting

Station Mark:

to the station site on the left.
concrete pad which measuresl8 feet by 22 feet.

The station is located at the U.S. Army Yuma Proving Ground.
west of U.S. Highway 95 and about 4.0 miles north of post headquarters.

A Defense Mapping Agency disc stamped:
CENTER" set in a drill hole.

*Ellipsoidal positions as carried into area through the Transcontinental Traverse,
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
= Arizona West Zone -221 988.7058/3.2808 33333

To reach the station from the intersection of U.S. Highwav 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 and 2.7 miles
to the junction with Martinez Lake Road to the left; turn left and go west for

2.4 miles to a road fork; take the right fork, north, for 2.1 miles to the turnoff
to Cibola Range Control; turn right continuing northerly for 0.7 mile to a gravel
road right (Cibola Range Control is on the west side of the road); turn right and
go east for 0.8 mile to a road fork; take the right fork and go east for 0.65 mile
The station is located on the north corner of a

!5!1’2“

It is about 3.0 miles

"CAMERA SITE 4 1974 TOPO

FORM

DA 1t 0CTY 0‘1 959

REPLACES DA FORMS 1989
AND 1960, 1 FEB 87, WHICHKH
ARE OBSOLETE,
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UNITED STATES DISC

l LOCALITY STAMPING ON MARK Fﬂ%%}%?‘_‘%—“ﬂ_
YUMA COUNTY, ARIZONA SITE S 1969 PG GEODETIC CONTROL|] 259.326 (M)

LATITUDE LONGITUOE DATUM DATUM

N 32° 55' 36%.4946 W 114° 18' 240764 1927 NAD* 1929 MSL

(NORTAING H{EAIWING | ) | [EAGTING | (NORIMING] &%) |GRID AND ZONE ESTABLISHED BY (AGENCY)

3 646 200.608 | 751 849.281 w [UTM 11 DMATC

(NORTHING ) EASTING) ) | (EASTING] NORTHNG) (n%,|GRID AND TONE DATE ORDER

37 958.246 w | 32 672.820 ) [YPCh* 1974 Second

roostain UTM (ZONE 11) GRIL AZIMUTH, ADD 178 32 06,8470 THE GEODETIC AZIMUTH

TO OBTAIN _ GRID AZ. (ADDNHSUE.) ® " " TO THE GEODETIC AZIMUTH
ossecT B ot e ucxingﬂw -/ O N g

PGT NO. 2 185° 56’ 11748 05 56 11.57 44.896

10012 231 33 10.99 51 33 13.93 179.759

*Ellipsoidal positions as carried inte area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 0.5 mile
east of U.S. Highway 95 and about 6.8 miles northeast of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 3.3 miles
tu the junction with Aberdeen Road to the right; turn right and go east for 1.1
miles to a crossroad; turn left and go north on W. 3rd Avenue for 4.6 miles to a
sharp curve and gravel road left; turn left and go west and north, upgrade, for
0.4 mile to a road fork; take the left fork and go southwest for 0.15 mile to an
astro dome and the station site. The station is located on the southeast corner of
the concrete astro dome pad.

Station Mark: A YPG Geodetic Control disc stamped: "SITE 5 1969" cemented in a
drill hole.

———

ASTRO DOML
CONCAETE PAD
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[COURTRY TVFE OF WARK
UNITED STATES DISC
FLocALITY STAMPING ON MARK Aoszﬁgz «:6.37.3‘;.5’.’&' DM% =S
YUMA COUNTY, ARIZONA | SITE 6 DISC YPG GEODETIC CONTROL| 201.434 o0
LATITUDE LONGITUDE ODATUM DATUM
N 32° 57' 3176094 W 114° 21" 11%1787 1927 NAD* 1929 MSL
INORTHING ) (EWEWNS) 3 | [EASTING) (NORTHNG) &) |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 649 636.859 () 747 418.401 w | UTM 11 DMATC
(NORTHING ) (EASTING] %) | [EASTING) INORTHING) t#%)|GRID AND ZONE OATE ORDER
41 528.150 o 28 351.797 o | YPG** 1974 Second
vooeTan  UTM (ZONE 11) GRID AZIMUTH, ADD 178 33 33.357T0 THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)SUB.) ¢ " " TO THE GEODETIC AZIMUTH
Mlesoincuene | eackatwn | atenmstaice [ oo outaice
MPS 25 22° 43 427031 202° 42" 45291 6944,762
SITE 2 74 54 25,13 | 254 52 06,23 6870.602
SITE 12 DISC 127 47 05,08 | 307 43 35.60 12631.447
SITE 6 MON. YPG 135 47 22, 21.805
IR 24 148 40 20.63 ] 328 40 13.22 679.983
| SITE 3 1334 52 48.86) 154 53 14.91 2931.164 _

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 3.5 miles
west of U.S. Highway 95 and about 8.5 miles northeast of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground, go north on U.S. Highway 95 for 7.4 miles
to the junction with Middle Mtn. Road to the left; turn left and go west and north
for 3.75 miles to a road right; turn right and go east for 0.3 mile, upslope, to

an astro dome and the station site. The station i1s located in the southwest corner
of the concrete astro dome pad.

Station Mark: A YPG Geodetic Control disc stamped: "SITE 6 DISC", cemented in a
drill hole.
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CSURYRY TVPE OF MARK SYATION

UNITED STATES DISC SITE 7 DISC YPG, D!q;% ;374

LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) CEVATION o
FXHMA_QQHHIZ‘_ARIZONA SITE 7 DISC YPG GEODETIC CONTROLJ 185.197 (M)
LATITUDE LONGITUDE OATUM DATUM

N 33° 01' 248889 W 114° 22' 161801 1927 NAD* 1929 MSL

(NORTHING [EAOWNG] (53] | (EASTING] (NORTHING) %) |GRID AND ZONE ESTABLISHED BY AGENCY)
3 656 781.132 ™ | 745 550,461 o JUTM 11 DMATC

INORT HING) HEAONG) %) | (EASTING)(NORFHING) \#v7|GRID AND ZONE DATE ORDER

48 724.020 M | 26 706.084 M) [YPG** 1974 SECOND
To O8TAIN _ UTM (ZONE 11) GRID AZIMUTH, ADD 178° 33 59,7070 THE GEODETIC AZ'MUTH
TO OBTAIN GRID AZ. (ADD)(SUB.)  ° i " YO THE GEODETIC AZIMUTH

AZINUTH ON-DINGSHON
osJect (GEODE T 1C)(@M+®) fngjl%?r‘g e A m:,:'é‘.’.;""";ii”

SITE 9 DISC 189° 39 37°08) 09° 40’ 18902 11 590.007
IRCC 7323 04.09] 25322 15.35 2 422.891

SITE 8 DISC 193 25 50.61)] 13 26 21.18 6 259.648

10010 265 56 40.77 ] 85 56 42.46 80.721

SITE 7 LASER DISC 268 54 21.92 88 54 23.75 87.006

*Ellipsoidal positions as carried into area through the Transcontinental Traverse,
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 5.2 miles
west of U.S. Highway 95 and about 12.5 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground, go north on Highway 95 for 7.4 miles to
the junction with Middle Mtn. Road to the left; turn left and go west and north on

: i Middle Mtn. Road for 8.3 miles to an astro dome site on the left; turn left on
== access road and go west for 0.1 mile to the astro dome site and station. The
station is located near the northwest corner of a 16~-foot x 26-foot concrete pad
i1 that projects 0.3 foot above ground. It is 1.0 foot east of the west edge of pad and
id 1.1 feet south of the north edge of pad. The pad is the center one of three concrete
pads.
Station Mark: A YPG Geodetic Control disc stamped: '"SITE 7 DISC" and cemented in
i a drill hole.
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FECUNTRY FYPE OF BARK STATION
UNITED STATES DISC SITE 8 DISC YPG, DMATC 1974
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) 10N e
YUMA COUNTY, ARIZONA SITE 8 DISC YPG GEODETIC CONTROI} 229.158 (M)
LATITUDE LONGITUDE DATUM OATUM
N 33° 04' 425234 W 114° 21' 20V1237 1927 NAD* 1929 MSL
(NORTHING ) {GASEING | 3] | IEASTING) NORIenNG) &% |[GRID AND ZONE ESTABLISHED BY (AGENCY)
3 662 906.204 (M) 746 851.968 «» | UTM 11 DMATC
(NORTHING ) tEASTHNG) *3) | ([EASTING)INORTHNG] +&%)|GRID AND ZONE OATE ORDER
54 803.612 o | 28 195.945 ) | YPG** 1974 SECOND
roostain  UTM (ZONE 11) GRID AZIMUTH, ADD 178° 33 21.5410 THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)(SUS.) ¢ i TO THE GEODETIC AZIMUTH
SXTHOTmOR BINELHION GEOD. DISTANCE GRID DISTANCE
oeEey ‘°'§32:f¥;;'°' PAGK AFIMUTYH (METERS)  (FEET) | (METERS)  (FEET)
SITE 12 DISC 60° 24" 55192 1240° 21° 30798{ 11 212,515
| IR 22 76 58 20,5511 256 52 07,62 18 207,004
cM 1 113 18 18.16] 293 17 00.19 4 033,191
IR 23 179 52 16.33] 359 52 16.11 4 621,545
SITE 9 DISC 185 15 50.94 05 16 01.30 5 359.737

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It js about 3.5 miles
west of U.S. Highway 95 and about 16.5 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground, go north on highway 95 for 7.4 miles to
the junction with Middle Mtn. Road to the left; turn left and go west and north on
Middle Mtn. Road for 12.3 miles to a road to the right; turn right and go east,
upgrade, for 0.15 mile to the top of small hill and the site of an astro dome and
the station. The station is located near the west corner of a 10-foot x 12-foot
concrete pad that projects 0.3 foot above ground. It is 0.9 foot south of the nor:ih
edge of pad and 1.1 feet east of the west edge of the pad.

Station Mark: A YPG Geodetic Control disc stamped: "SITE 8 DISC" and cemented in a
drill hole.
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[CSUNTRY YYPE OF WARK SYATION
UNITED STATES DISC SITE 9 Dmu&_%
LOCALITY STANPING ON MARK AGENCY (CAST IN MARKS) CEVATI e
YUMA COUNTY, ARIZONA | SITE 9 DISC YPG GEODETIC CONTROL} 290.986 )
[CATITUDE LONGITUDE DATUM DATUM ]
N 33° 07' 357707 W 114° 21' 0191541 1927 NAD* 1929 MSL
INORTHINGHEASTING) 5% | [EASTING (NGRF+NG] %) [GRID AND ZONE ESTADLISHED BY (AGENCY)
3 668 255.923 o | 747 209.097 ) |UTM 11 DMATC
INORTHINGHEASHING) %) | (EASTINGIINORTHING]) +=%)|GRID AND ZONE DATE OROER
60 137.669 o | 28 718.473 (M) |YPG** 1974 SECOND
TooeTANn  UTM (ZONE 11) GRID AZIMUTH, ADD 178° 33  04.4670 THE GEODETIC AZIMUTH
TO OBYAIN GRID AZ. (ADD)(SUBD.) ® ; " TO THE GEODETIC AZIMUTH
AZIMUTH OA-Binse¥+oN|  FROM SOUTH GEOD. DISTANCE GRID DISTANC
osJeCT (GEOOETICHEMD) BACK AZIMUTH Lot o B s U i ot
IR 22 62° 37° 23792 | 242 ° 31° 0N0%40 20 529.902
SITE 7 DISC 09 40 18.02 [189 39 37.08 11 590.007
IR 23 35 03 35.98 215 03 25.39 874.195
SITE 12 DISC 43 17 34.68 | 223 13 59.26 14 937.414
CM 8 139 51 00.04 |319 50 23,50 2 686.923

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 4 miles
west of U.S. Highway 95 and about 20 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground, go north on Highway 95 for 7.4 miles to
the junction with Middle Mtn. Road to the left; turn left and go west and north

on Middle Mtn. Road for 16.7 miles to an astro dome and site of station. The mark
is located near the west corner of a 10-foot x 12-foot concrete pad that projects
0.3 feot above ground. It is 1.0 foot south of the north edge of pad, 0.9 foot
east of the west edge of pad and 13.8 feet southeast of the northeast corner of

the concrete pad for the astro dome.

Station Mark: "SITE 9 DISC" and cemented in
a drill hole.

A YPG Geodetic Control disc stamped:

I{K!TCN
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[ESURYRY
UNITED STATES DISC SITE 10 G
[cocativy STAWPING ON MARK ' AGENCY (CAST IN MARKS) L g
YUMA COUNTY, ARIZONA |SITE 10 DISC YPG GEODETIC CONTROL} 144.614 ™)
LATITUDE LONGITUDE DATUM DATUM
N 33° 01' 4279280 W 114° 24' 2376468 1927 NAD* 1929 MSL
(NORTHING (EAS¥HNE "% | (EASTINGI HORTHING) #7) |GRIO AND ZONE ESTABLISHED BY (AGENCY)
3 657 254.632 w |742 228,532 w |UTM 11 DMATC
(NORTHING | HEASHNG) %) | [EASTING (NORFHNG) )| GRID AND ZONE DATE ORDER
49 299.812 wy |23 401.563 ) | YPG ** 1974 SECOND
TOOBTAN 1M (ZONE 11) GRID AZIMUTH, ADD 178 35 (08,6770 THE GEODETIC AZIMUTH
TO OBTAIN - GRID AZ. (ADD)SUS.) ° - " YO THE GEODETIC AZIMUTH
TH OR-BINGGHON
onscT N GeoorTICHOn®) |  GACH ATMUTA | SEOD.DWTANCE | | GRID DISTANCE
HOAQNRME)
SITE 2 09° 43° 32740] 189° 42° 58%16 9 672.196
SITE 11 DISC 60 05 38.51.] 240 05 00.86 2 068.401
IR 21 82 42 36.12] 262 41 49.34 2 245.311
SITE 12 DISC 89 55 25.88] 269 53 41.11 4 988.041
SITE 7 DISC 279 31 34.81) 99 32 44.28 3 354.386
| IRCC 321 41  16.38) 141 41 37.09 1 591.493

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 7 miles
west of U.S. Highway 95 and about 13 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road), go north on U.S. Highway 95 for 7.4 miles to the junction with
Middle Mtn. Rd. to the left; turn left on a gravel road and go north and west for
7.6 miles to a road left (Cibola Front Road); turn left and go west for 1.4 miles
to a road right (Cheyenne Base Road); turn right and go west for 0.65 mile to an
astro dome and the station site. The station is located in the southwest corner of
the concrete astro dome pad.

Station Mark: A YPG Geodetic Control disc stamped: "SITE 10 DISC", cemented in a
drill hole.

TCH
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FCOURTRY TYATION
UNITED STATES DISC SITE 11 DISC YPG, DMATC 1974
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) T TON =
_XHMA COUNTY, ARIZONA SITE 11 DISC YPG GEODETIC CONTROLy 121.320 (M)
LATITUOE LongITuDE DATUM DATUM
N 33° 01' 094467 W 114° 25' 327295 1927 NAD* 1929 MSL
TNORTHING) (ERITHIG e | (EASTINGIWORTHING) Pv) [GRID AND ZONE ESTABLISHED BY (AGENCY]
3 656 179.097 (M} 740 460.982 ) | UTM 11 DMATC
INORTHING HEWITHIOT ey | [EASTINGNORPIING) +pv)|GRID AND ZONE DATE ORDER
48 279.790 (M) 21 602.209 () | YPG** 1974 SECOND
TO OBTAIN UTM_(ZONE 11) ORID AZIMUTH, ADD_ 178" 35  47.647TO THE GEODETIC AZ'MUTH
TO OBTAIN GRID AZ. (ADD)SUS.) o " " 10 THE GEODETIC AIWUI_N“
osseCT Au«:::::nvc»m Eggy Aggllm .&i‘é’.’.&f’""&i‘m m::é: 8'"‘";‘;‘“’
SITE 7 DISC 264° 39 26752 84° 41’ 13763 5 123.281
SITE 12 DISC 107 46 12.74 | 287 45 05.64 3 355.329
IR 21 149 48 05.24 | 329 47 56.12 863.452
SITE 11 MON. 191 21 05.98 11 21 06.05 17.618
SITE 10 DISC 260 05 00.86 60 05 38.51 2 068.401
IRCC 274 27 49.19 94 28 47.55 2 788.117

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 8.5 miles
west of U.S. Highway 95 and about 12.5 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 7.4 miles
to the junction with Middle Mtn. Rd. to the left; turn left, on a gravel road, and
go north and west for 7.6 miles to a road left (Cibola Front Road); turn left and go
west for 3.1 miles to a gravel road left; turn left and go south for 0.35 mile to

an astro dome and the station site. The station is located in the northwest corner
of the concrete astro dome pad.

Station Mark: A YPG Geodetic Control disc stamped: "SITE 11 DISC", cemented in a
drill hole.
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ﬂ?ﬂﬂl‘ YYPE OF WARR STATION
UNITED STATES DISC SITE 12 DISC_YPG,

FCOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) LEVATIoN ey
YUMA COUNTY, ARIZONA |SITE 12 DISC YPG GEODETIC CONTROL§ 107.795 (M)
LATITUDE LONGITUDE DATUM DATUM
N 33° 01' 426717 W 114° 27' 3598534 1927 NAD* 1929 MSL
(NORTHING EAETNO) %) | [EASTINGINORTMNG) (&%) |GRID AND IONE ESTABLISHED BY (AGENCY)
3 657 124.857 | 737 240.640 ) | UTM 11 DMATC
(NORTHING ) (IASFINS) % | (EASTING)NORTING] &%) |GRID AND ZONE DATE ORDER
49 324.339 o |18 413.665 () | YPG** 974 SECOND
TOOBTAIN  UTM (ZONE 11) GRID AZIMUTH, ADD 178 36  53.6(JO THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADDISUS.) ’ ” " YO THE GEODETIC AZIMUTH

AZINUTH on-oinssxion]  FROM SOUTH GEOD. DISTANCE GRID DISTANCE
osJeCT (GEODETICHGADS SACK AZIMUTH ;
proveiyiive ) (METERS) SB&H | (METERS)  (FEET)
PGT NO. 2 308° 03 10702 | 128° 08° 10:46 18211.361
IR 22 100 06 10.91]| 280 w3 23,06 8114.905
IR 22 R 103 24 22,93 283 21 42.14 7867.183
10011 186 26 14.69 06 26 14.74 23.924
IR 21 275 43 35,57 95 44 33,56 2774.864
SITE 2 340 34 29.32] 160 35 39.72 10099, 766

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 10.5 miles
west of U.S. Highway 95 and about 13.5 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on Highway 95 for 2.7 miles to
the junction with Martinez Lake Road to the left; turn left and go west for 2.4
miles to a road fork; take the right fork and go north for 5.9 miles to a gravel
road right (Cibola West Access Road); turn right and go northeast for 0.75 mile

to the junction with Water Tank Road; bear left and continue north for 4.7 miles

to a crossroad (Cibola Front Road); turn left and go west for 1.35 miles to an
astro dome and the station site. The station is located on the northeast corner

of the concrete astro dome pad.

Station Mark: A YPG Geodetic Control disc stamped
"SITE 12 DISC", cemented in a drill hole.
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FESURTRY
UNITED STATES DISC 10010, DMATC 1974
[LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) ECEVATION. )
YUMA COUNTY, ARIZONA 10010 TOPO CENTER 1974 DMA 189.652 (™)
CATITUDE LONGITUDE DATUM OATUM
N 33° 01' 25%0742 W 114° 22' 13%70776 1927 NAD* 1929 MSL
TNORTHING | {EASTING) %) |[EASTING I (NORTHING) +*%) |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 656 788.855 w | 745 630.839 w| UTM 11 DMATC
(NORTHING [{EASIING) %) | (EASTINGIINGRT+NG) (#%)|ORID AND ZONE OATE OROER
48 729.252 ™) 26 786.633 o | YPG** 1975 SECOND
voostani UTM (ZONE 11) GRID AZIMUTH, ADD 178° 33 58.0970 THE GEODETIC AZ!MUTH
TO OBTAIN GRID AZ. (ADD)SUS.) * " " TO THE GECDETIC AZIMUTH
osJECT “'I::L.:anuc)m ﬂ{cx AZIMUTH m‘:ﬁ%%s?m‘;c;:u- m::é?.;:""‘;i‘e“
SITE 7 DISC 85 56 42046 | 265 56 40.77 80.721

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 5.2 miles
west of U.S. Highway 95 and about 12.5 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 7.4 miles

to the junction with Middle Mtn. Road to the left; turn left and go west and north

for 8.35 miles to the station site on the right side of the road atop a small hill.
The station is located 5.58 feet north of the north edge of a concrete pad and 6.56
feet northeast of the northwest corner of the same concrete pad.

Station Mark: A Defense Mapping Agency disc stamped: ''10010 TOPO CENTER 1974", set
in the top of a round concrete post, 12 inches in diameter and projecting 0.1 foot
above the surface. There is a sub-surface mark set in concrete 3 feet below the
surface. It is a Defense Mapping Agency disc stamped the same as the surface mark.
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UNITED STATES DISC 10011, DMATC 1974
LOCALITY STAMPING ON MARK TUULL [AGENCY (CAST IN MARKS) [ECEVATION -
YUMA COUNTY, ARIZONA | 1974 TOPO CENTER DMA 107.040 (™)
LATITUDE LONGITUDE DATUM DATUM
N 33° 01' 4374434 W 114° 27' 357500 1927 NAD* 1927 MSL
(NORTHING e (&%) | IEASTINGINORTHING) =¥ |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 657 148.695 o | 737 242.747 o) UTM 11 DMATC
(NORTHING (E# 81 (5 | (EASTING) (NORTHNG) (#¥)]|GRID AND ZONE DATE GROER
49 348.094 oo |18 416.508 o | YPGH* 1975 SECOND
TO OBTAIN  [JTM (ZONE 11) GRID AZIMUTH, ADD 178 36 53 _.5]7O THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)HSUS.) s . " YO THE GEODETIC AZIMUTH
ones N etoocrinema | aackazmors | geoo oistance T omooistance
SITE 12 DISC 06° 26' 14774 | 186° 26° 14.69 23.924

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 10.5 miles
west of U.S. Highway 95 and about 13.5 miles north of post headquarters.

To reach the station from the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on Highway 95 for 2.7 miles to the
junction with Martinez Lake Road to the left; turn left and go west for 2.& miles
to a road fork; take the right fork and go north for 5.9 miles to a gravel road
right (Cibola West Access Road); turn right and go northeast for 0.75 mile to the
junction with Water Tank Road; bear left and continue north for 4.7 miles to a
crossroad (Cibola Front Road); turn left and go west for 1.35 miles to the SITE 12
astro dome and the station site. The station is located on the north side of a
cleared area, 77.2 feet north of the northeast corner of the concrete astro dome
pad, 78.56 feet north of SITE 12 DISC and 51.0 feet east-northeast of the east
corner of a 10-foot x 12-foot concrete pad.

Station Mark: A Defense llapping Agency disc
stamped: '10010 1974 TOPO CENTER" set in the top

1 of a round concrete post, 12 inches in diameter

and projecting 0.3 foot above the surface of the
ground. There is a sub-surface mark set in a
drill hole in a rock buried in concrete 3 feet
below the surface. It is stamped the same as
the surface mark.
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"CSURTRY TYXYISR
UNITED STATES DISC 1Qﬂ]2! DMATC 1974
COCALITY STAMPING ON MARK 10012 |AGENCY (CAST IN MARKS)  JELEVATION =
YUMA COUNTY, ARIZONA | 1974 TOPO CENTER DMA 267,989 M)
TATITUDE LONGITUDE 64 TuM DATUM
N 32° 55' 401229 W 114° 18' 1876576 1927 NAD* 1929 MSL
INORTHING SV NG] 1) | (EASTINGIIHORTHING) A% |GRID AND ZONE ESTABLISHED BY (AGENCY)
3 646 315.987 | 751 987,215 | UTM 11 DMATC
(NORTHING | EASTNG) @8 | [EASTING) (NORTING] %) |GRID AND ZONE DATE ORDER
38 069.27C o |32 814.188 M) | YPG**
7O OBTAIN  UTM (ZONE 11) GRID AZIMUTH, ADD 178" 32 (03,740 THE GEODETIC AZIMUTH
7O OBTAIN GRID AZ. (ADD){SUS.) S i " TO THE GEODETIC AZIMUTH
AZINUTH
ossecT (GEODE TIC)IOMBI BACK AZIMUTH vt R gyl Ll o
SITE 5 1969 YPG 51° 33" 13793 231° 33’ 10799 179.759
PGT NO, 2 63 45 27.12] 243 45 24.27 151,787

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is about 0.5 mile
east of U.S. Highway 95 and about 6.8 miles northeast of post headquarters.

To reach the station froin the intersection of U.S. Highway 95 and the main entrance
road (Laguna Road) to the proving ground go north on U.S. Highway 95 for 3.3 miles
to the junction with Aberdeen Road to the right; turn right and go east for 1.1
miles to a crossroad; turn left and go north on W. 3rd Avenue for 4.6 miles to

a sharp curve and gravel road left; turn left and go west and north, upgrade, for
0.4 mile to a road fork; take the right fork and go northeast for 0.1 mile to the
top of the hill and a building. The station is located on top of the building,
13.3 feet southwest of the northeast corner of the building and 8.95 feet northwest
of the southeast corner of the building.

Station Mark: A Defense Mapping Agency disc stamped:
10012 1974 TOPO CENTER'" cemented in a drill hole.
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CARD 1 OF 2
[CCUNTRY A TYATION
UNITED STATES DISC
LOCALITY STAMPING ON MARK  JR 21 |AGENCY (CAST IN MARKS) [ECEVATION preees
YUMA COUNTY, ARIZONA | 1974 TOPO CENTER DMA 118.797 (M)
LATITUDE LONGITUDE DATUM DATUM
N 33° 01' 3376712 W 114° 25' 4974647 1927 NAD* 1929 MSL
(NORTHING /[ GASTNG) 589 | (EASTING | ORIInNG) 7 |GRIC AND ZONE ESTABLISHED BY (AGENCY)
3 656 914.735 w1740 008.378 w0 | UTM 11 DMATC
(NORTHING) HASTING] F%) | (EASTING) NORTHNG] +#%)|GRID AND ZONE DATE OROER
4 8,824 w |21 172.708 (M) | YPG**
To osTaN  UTM (ZONE 11) GRID AZIMUTH, ADD 178 35  55.86TO THE GEODETIC AZIMUTH
TO OBTAIN - GRID AZ. (ADD)(SUS.) e i " TO THE GEODETIC AZIMUTM
TIMUTH OA-DIREGIION ¥R
osseCT OO S iy ..&“.?.9.9?.’.‘ (uifrz%s?m‘&iiu ms:é::ls"(:iin
SITE 10 DISC 262° 41 49734 82° 47 36712 2245,311
L IR 21 RM 2 07 24 31. 22.903
SITE 12 DISC 95 44 33.56 ) 275 43 35.57 2774.864
IR 21 RM 1 272 13 53. 21.422
SITE 11 DISC 329 47 56.12 ] 149 48 05.24 863.452

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located at the U.S. Army Yuma Proving Ground. It is abo-* 8.5 miles
west of U.S. Highway 95 and about 13.5 miles north of post headquartz-:

To reach the station from the intersection of U.S. Highway 95 and the .'..n entrance
road (Laguna Road) to the proving ground go north on Highway 95 7.4 miles to the
junction with Middle Mtn. Rd. to the left; turn left on a gravel road and go north
and west for 7.6 miles to a road left (Cibola Front Road); turn left and go west
for 3.5 miles to the station site on the right. The station is located 150 feet nortH
of the centerline of Cibola Front Road and 4.0 feet west of a red and white witness
post.

Station Mark: A Defense Mapping Agency disc stamped: "IR 21 TOPO CENTER 1974" set
in the top of a round concrete post, 12 inches in

diameter, projecting 0.1 foot above ground. There

is a sub-surface mark set in a drill hole in a rock

which is buried in concrete. The sub-surface mark

is a Defense Mapping Agency disc stamped: "IR 21

TOPO CENTER 1974."

Reference Mark No. 1: A Defense Mapping Agency disc

stamped: "IR 21 RM NO 1 1974 TOPO CENTER", set in

the top of a round concrete post, 12 inches in

diameter, projecting 0.2 foot above ground. It is

located 21.422 meters (70.28 feet) northeast of the

station. }
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DA FORM 1959 REPLACES DA FORMS 1980  DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION

VocCT 04 ::g ".,'.‘:6.:{,“’. W LIIIGH For use of this ferm, see TM 5-237; the prepenent

A-40 egency is U.S.Continentel Army Command.




[

——
)

CARD 2 OF 2
W n
UNITED STATES IR 21, DMATC 1974
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) "ELEVATION T
YUMA COUNTY, ARIZONA ™
LATITUDE LONGITUDE DATUM DATUM
(NORTHING)EASTING) (FT) | {EASTINGIINORTHING) (FT) |GRID AND ZONE ESTABLISHED BY (AGENCY)
(M) ™
(NORTHING)(EASTING) (#T) | \EASTINGIINORTHING) (FT)|GRID AND ZONE OATE ORDER
M) ™)
YO OBTAIN GRID AZIMUTH, ADD v TO THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD)ISUB.) o v TO THE GEODETIC AZIMUTH
AZIMUTH OR DIRECTION
GEOD. DISTANCE GRID DISTANCE
osJecT {GEODETICHGRID) BACK AZIMUTH
MAGMETIE) : (METERS) (FEET) | IMETERS)  (FEET)
L] ’ I [] ’ ”

Reference Mark No. 2: A Defense Mapping Agency disc stamped: 'IR 21 RM NO. 2 1974
TOPO CENTER" set in the top of a round concrete post, 12 inches in diameter, pro-

jecting 0.3 foot above ground. It is located 22.903 meters (75.14 feet) southeast
of the station.

I ==¢TCN

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION
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"EOURTRY TVPE OF WARK
UNITED STATES DISC IR 22, DMATC 1974
LOCALITY STAMPING ON MARK TR 27  |AGENCY (CAST »m%m——m )
YUMA COUNTY, ARIZONA | 1974 TOPO CENTER DMA 328.510 (™)
LATITUDE LONGITUDE OATUM DATUM
N 33° 02' 2817749 W 114° 32' 437450 1927 NAD* 1929 MSL

INORTHING ) a4 rr

(EASTING}(NORTHING)

%) |GRID AND ZONE

ESTABLISHED BY {AGENCY)

3 658 355.137 (™) 729 217.314 o | UTM 11 DMATC

INORTHING) HoAGTING) 1% | (EASTING)(NORTHING) &%) GRID AND ZONE OATE ORGER

50 801.776 (M) 10 434.435 ) | YPGH* 1974 VA
TOOBTAIN  ITM (ZONE 11) GRID AZIMUTH, ADD 178 39  39,98TO THE GEODETIC AZ'muTH|
TO OBTAIN GRID AZ. (ADD)(SUS.) * ; " TO THE GEODETIC AZIMUTH

TH OR-DIMECTHION
oBJECT u'(::o.::nncnm) ®ACK AIIMUT'} m‘:‘,‘é:'s:"‘"."fi‘i : m::é:s""‘”":_iin

| PGT NO. 3 230° 42° 00.70 50° 51’ 28726 34732.558

IR 22 RM 2 159 46 36. 5.236

IR 22 R 219 58 04.27 39 58 11.33 522.988

SITE 9 DISC 242 31 00.40 62 37 23.92 20529.902

SITE 8 DISC 256 52 07.62 76 58 20.55 18207.004

IR 22 RM 1 270 11 53, 5.962

SITE 12 DISC 280 03 23.06] 100 06 10.91 8114.905

P 2 DR L S —-

*Ellipsoidal positions as carried into area through the Transcontinental Traverse.
**Northing = Arizona West Zone -576 816.5768/3.2808 33333
Easting = Arizona West Zone -221 988.7058/3.2808 33333

The station is located on a small top on a east-west ridge line, within the Imperial
National Wildlife Refuge, about 6.6 miles northwest of Fishers Landing, 1.2 miles
west of Yuma Wash., 0.6 mile north of the Colorado River and 0.1 mile south of the
Yuma Proving Grounds Reservations Boundary.

The station is marked by a Defense Mapping Agency survey disk set in the top of a
large concrete mass projecting 1 inch above ground. The disk is stamped: "IR 22
TOPO. CENTER 1974." It is on the highest point.

Reference Mark No. 1 is a Defense Mapping Agency survey disk grouted into a drilled
hole in outcropping bedrock about 2 feet lower in

elevation than the station and 5.962 meters east of

the station mark. The disk is stamped: "IR 22 R.M.

NO. 1 TOPO. CENTER 1974."
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